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SUMMARY 


Requirements for Shuttle Orbiter missions to locate satellites for ser- 
vicing and to communicate when out of touch with a direct ground link are 
satisfied by a Ku Band deployed antenna system providing an integrated radar 
and communications function. 


The deployed Assembly comprises that portion of the system that stows in 
the limited space between the Shuttle door radiators and the payload volume 
for launch and landing, and is deployed out from the Shuttle during orbit to 
provide near spherical coverage by a 91.44 cm (36 inch) diameter antenna. 
Unique features of- the gimbal assembly are: 

• Edge mounted antenna to minimize stowage volume in Shuttle and 
maximize gain 

• -Unique tWo-axis housing and shaft arrangement to accommodate two 

runs of waveguide and 55 electrical conductors without requiring 
slip rings 

• Maximum use of aluminum in gimbal structure to reduce costs 

• Lubricant chosen to survive earth and space environments . 


BACKGROUND 


Obtaining a good RF gain margin without using parametric amplifiers led 
to the selection of a 91.44 cm (36 inch) diameter antenna reflector for the 
Ku Band system. With this baseline antenna size, an edge mounted gimbal 
configuration was selected from a tradeoff study of the three configurations 
shown in Figure 1. The edge mount was the clear winner when weight, trunnion 
obscuration, peak power, and stowage considerations were compared. Distur- 
bance torques due to Shuttle accelerations are negligible j therefore, a cen- 
tered load is not an operational constraint. To test the antenna in a 1 g 
field, a counterbalance or offloading device would be required for any of the 
three configurations. This testing is simplified with the edge mount. 


This task was performed under contract to Rockwell International, Space 
Systems Division. 


p The angular coverage requirements call lor maximum 

rleld of view for TDR8 communication and unrestricted coverage of all points 
Within 60 degrees of Shuttle zaiilth for radar rendezvous. Obscuration caused 
py fcii$ ^Itubalr tEUnttian— Is mlnlfnigpd by locating the ptfini&iry axle So that the 
obscuration cone falls within the Shuttle body area. The antenna la deployed 
as far from the Shuttle body and as high and far forward as possible to decrease 
overall obscuration presented by the Shuttle. 


Ability to deploy the antedna IB dependent upon the amount of volume 
available for stowage and the Shuttle hardware that the deployed assembly must 
clear. The allocated volume la in the forward part of the payload bay between 
the cabin bulkhead and the Remote Manipulator Boom. A 7.62 cm (1 inch) static 
between the door Radiators and the payload envelope la riqulred. A 
full seale-moekup, shown In Figure 2, was constructed to verify fit. 


Ideally, the deployment hinge Would be canted so that the antenna is swung 
up and out into an optimum location. However, stowage considerations and irtter- 
ference problems Involving the boom and the integral Deployed Electronics Assenw- 
bly (DBA) prevent the use of a canted hinge. With the vertical hinge, optimi- 
zation with respect to angular coverage and obscuration was accomplished by 
canting the gimbal mount on the structure. A beneficial byproduct of the edge 
mounted antenna is that the location of the antenna beam center varies as a 
function of the line of sight. The antenna literally looks around the corner 
from the fixed gimbal axis intercept coordinate position, thus increasing total 
coverage.. With the pole axis pointed outboard, more favorable coverage is 
attained and ample clearance between the antenna sweep volume and the vehicle is 
provided. Figure 3 shows the coverage achieved by the selected design. 


, D j piiOYMffljT , AND 8% RUPTURE . The deployed assembly shown in Figure 4 coh- 

K St U*? f a * tru * tufal frame that attaches to the Rockwell hinge, together with 
the DEA and gimbal antenna assembly that attach to the frame. 


. ... Figu f® 5 show s details of the structural frame and the DEA mounting. Orig- 

inally, a Simple tubular boom to connect the gimbal to the hinge, with the DEA 6 
strapped Alongside, was considered. However, it was difficult to keep the boom 
and box within the prescribed stowage envelope without resorting to a less than 
optimum boom diameter with undesirable sharp bends. The selected open frame 
configuration takes advantage of the structural properties of the 0 635 cm 
(one-fourth inch) thick thermal radiator that is part of the D^! 


E NVIRONMENTS . In addition to standard environments associated with space 


Materials and processes were carefully screened, therefore, to assure 

humlnlf 1 atld cont ^ nU j <1 operation. To avoid galvanic corrosion, sealing against 

y ,Hir q,li r d at MCh "here steel screws coniected aluminum 

parts. Sliding closures were employed together with dessicant filled filter 

ports. Humidity tests were conducted to evaluate operational characteristics 
of bearing dry film lubricant. cLcnstics 
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Thermal environment carried one unique aapeet. The location of the DA on 
the Shuttle places it just above and ahead of the Shuttle door radiators. Thean- 
radidtora are concave and covered with highly specular silvered teflon. In 
orbit, with the sun 30 degrees behind and 30 degrees to the right of Shuttle 
zenith, the DA is placed in the focus of fairly efficient collectors. Thera- 
fore, the DA is covered With Silvered teflon which not only radiates heat from 
the DA Itself, but also rejects the intense heat load from the Shuttle door 
radiators. Relief was granted by NASA to assure that this sun angle would not 
be maintained for a long period of time. 


GIMBAL PACKAGE 


The gimbal packaging arrangement is shown in Figure 6. The primary axis 
gimbal housing is fixed relative to the supporting structure, and its motor and — 
bearing system rotates the inner T-shaped shaft through a full 360 degrees 
stop-to-stop. The secondary axis gimbal motor and bearing system rotates its 
housing, to which the antenna supports are attached, around the upper branch 
of the T shaft a minimum of 165 degrees stop-to-stop. Gimbal limits on this 
secondary axis, are set simply by sizing the housing cutout which must clear the 
T Shaft. For the primary axis, assuring the full 360 degree range without a 
blind Spot at the end of travel required the incorporation of a toggle Stop to 
allow a 1 degree minimum overlap. 

Selection of the more conventional fixed housing rotating shaft configura- 
tion for the inner axis would involve the complexity of exiting the waveguide 
run between the axes and routing the waveguide to a juncture with the inner 
gimbal rotary joint. Further, the service cables that must cross the axes would 
have to make a similar exit and have their service loops mounted externally with 
several special guides, restraints, and supports to provide proper gimbal free- 
dom. the T shaft configuration allows a much simpler waveguide, rotary joint, 
and cable packaging to be used by allowing the whole arrangement to move together 
across the axis junction. Internal cable breakouts are also avoided. Cabling 
which passes through the gimbal, shown in Figure 7, is a printed circuit flat 
ribbon that carries 55 conductors (20 shielded groupings) and two RG 178 coaxial 
leads. The T shaft configuration, also allows a stiff er and simpler antenna 
attachment than would be achievable with Widely separated shaft ends. Since 
the shaft ends are not exposed in this arrangement, the housing ends are closed 
off to provide environmental protection. The only open space through which 
contamination could enter is the area at the shaft juncture where the inner axis 
housing is cut away to allow gimbal freedom. In this area, a seal is provided 
around the bearings, and all other axis equipment is placed in enclosures beyond 
the bearings. The enclosures are equipped with dessicant filled filtered open- 
ings to allow, the inflow of air to bypass the bearings during Shuttle descent 
and thus protect the overall cleanliness level of the mechanism interior. 

Two precision angular contact bearings, lubricated by dry film lubricant, 
BUpport the gimbal axes. One of the bearings in each set has the outer race 
mounted onto a diaphragm spring to provide axial compensation with temperature. 
This arrangement i.3 a proven Hughes design used on several despin assemblies 
built for long life communications satellites. The spring mounted bearing is 
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* aln 8 ln motor-driven lock won 

l^fglSTl dn/to tto antenna nine and nn 6 nler covered re,ulro*»tn 
difl not Allow o pinning of grasping type of lock. 


CONCLUSIOH 


The Shuttle DA gimbal hardware- was 
aged to accommodate Shuttle stowage and 
assembly— an RF polarization switch and 
to use state of the art components. 


selected from proven technology, puck' 4 
use. Other mechanisms with the 
waveguide switch" -were also designed 


TABLE 1. Ku-SAND ANTENNA POSITIONED - 


Uom 

Options 

Advantages 

Disadvantages 

Axis location 

Edge mount* 

Lighter weight 
ft Setter stowage fit 
ft Better deployed pole location 
• Lowest cost 

ft Lowest trunnion obscuration 

ft Unbalance in 1 g field 
ft Load inertia variation 


Yoke mount 

ft Legs 1 9 unbalance 
ft More conventional approach 

ft Complex structure 

• Difficult stowage 

• Higher system weight 
ft Higher Cost 

Motor type 

DC brush torquer* 

ft Simpler electronics 
ft Well proven 
•—Self commutating 

ft Brush friction 
• Ripple torques 


DC brushless torquer 

ft Les§ friction than-4c-bru£h 
torpuer 

ft Requires resolver 


Stepper motor 

ft Lowest power 
• Lightest Weight 

ft Speed limitation in raster 
ft Gear train Wear 
• Stepping dynamics in track 

Position 

Resolver 

ft Absolute position indication 

• Complex electronics 

readout 


• Long life elements 

i >360° ambiguity 
ft Complex wiring 


Incremental encoder* 

ft Digital output compatibility 
ft No >360° ambiguity 
• Small cable bundle 

ft LED degradation 
• Requires initial setting 


Absolute encoder 

• Interrogation capability reduces 
LED use 

ft Multiple parallel bits requires 
large wire bundle 
ft >360° ambiguity 

Rate feedback 

Separate tachometer 

ft Conventional 

ft Additional component 
• Additional cabling 


Use position readout rate 
of change* 

•- Eliminates component 

_ j 

ft None 


"Selected design 


168 





! 



Figure 3,- Right antenna obscuration and gimbal 
characteristics based on 91.44 era (36 inch) 
diameter antenna beam. 
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Figure 4.- Deployed mechanism assembly. 
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Figure 7.- Flat ribbon cable 



Figure 8.- Dual gimbal lock 


